Introduction
Endometriosis (EM) is a common gynecological disease characterized by extrauterine implantation and ectopic growth of endometrium; it affects 10% of women during their reproductive years. However, the underlying mechanism has not been completely elucidated yet.
Angiogenesis plays a pivotal role in implantation of ectopic endometrium and lesion formation thereafter (Groothuis et al., 2005) . Active endometriotic explants have pronounced vascularization both within and around the tissue (Nisolle et al., 1993) . Inhibitors of angiogenesis effectively interfere with the maintenance and growth of EM (Nap et al., 2004; Laschke et al., 2006) . The peritoneal fluid from patients with EM contains significantly greater amounts of vascular endothelial growth factor (VEGF) compared with that from controls (Mclaren et al., 1996a) , and the major source of this VEGF is peritoneal macrophages which are activated in EM, to a greater extent than in controls (Mclaren et al., 1996b) .
The corresponding endothelium plays a central role during the process of angiogenesis in specific tissues. With use of immunomagnetic binding, human endometrial endothelial cells (HEECs) have been isolated in vitro (Iruela-Arispe et al., 1999; Nikitenko et al., 2000; Schatz et al., 2000; Koolwijk et al., 2001; Kayisli et al., 2004) . HEECs exhibit a different growth response to progesterone compared to endometrial epithelial cells (Kayisli et al., 2004) .
To date, several groups of authors have reported their results on differential expression profiles with microarrays between eutopic endometria of EM patients and normal controls, or between ectopic lesions and their eutopic counterparts. They have paid attention to epithelial and/or stromal compartments through laser capture microdissection or have used entire endometrial tissue without discriminating between the cellular compartments (Wu et al., 2006) . We have selected, apparently for the first time, the eutopic endothelial compartment as the subject for exploring the differential expression profile between EM patients and normal controls. It is important to consider that (i) the endothelium is enmeshed in a complex tissue consisting of vessel wall components, stromal cells as well as epithelial cells; (ii) only a small fraction of the cells within these tissues are endothelial (Croix et al., 2000) as well as that (iii) endometrial cyclical angiogenesis has been remained largely unexplored such that some low abundance or novel transcripts involved in this complex and dramatically changed process remain unknown. As a result, it is impossible to obtain the differences in expression of these genes with the microarray technique alone because of the absence of the dots representing these genes on present commercially available microarrays. We therefore chose to address the differences in phenotype and expression profile between the eutopic endometrial endothelial cells derived from patients with and without EM through the combination of diverse technologies available at present.
Thus, we isolated HEECs from eutopic endometria of patients with and without EM and observed the vigorous viability of HEECs from patients with EM. Thereafter, we explored the differential gene profile between the two sources of HEECs with the methods of suppression subtractive hybridization (SSH) and Affymetrix genechip w microarray, in which the differences of relatively high abundance genes are always displayed (Cao et al., 2004) . The results were validated through quantitative reverse transcription polymerase chain reaction (qRT-PCR).
Materials and Methods

Materials
Penicillin, streptomycin, L-glutamine, EDTA and Dulbecco's modified Eagle medium (DMEM) with or without phenol red were obtained from GIBCO (Invitrogen Corporation, Grant Island, NY, USA). Defined fetal bovine serum (FBS) and charcoal dextran treated FBS from which the influence of some growth factor and hormones had been excluded were obtained from HyClone Corporation, Logan, UT, USA. Collagenase I, trypsin, endothelial cell growth supplement (ECGS), tumor necrosis factor-a (TNF-a) were obtained from Sigma Corporation, St. Louis, MO, USA. Rabbit anti-human vWF monoclonal antibody were obtained from Sigma, mouse anti-human CD31, CD34 and ELAM-1 monoclonal antibody were purchased from R & D Corp., Mineapolis, MN, USA. Goat anti-rabbit and rat antimouse FITC-conjugated secondary antibody were obtained from Sigma. Acetate-DiI-Low density lipoprotein (Ac-DiI-LDL) were obtained from Molecular probe Corporation, Eugene, OR, USA. TRIzol w and ElectroMAX DH5a-E cells were from Invitrogen, Carisbad, CA. Oligotex mRNA Spin-Column kit, QIAquick PCR purification kit and TA cloning kit were from Qiagen, GmbH, Hilden, Germany. PCR-SELECT cDNA subtraction kit was manufactured by CLONTECH, Palo Alto, CA. MessageAmp TM II aRNA Amplification Kit was from Ambion, Austin, TX, USA.
Isolation and culture of HEECs
The isolation and culture of HEECs were according to a previously reported procedure with a little modification (Koolwijk et al., 2001) . Here, we used endometria scraped from premenopausal uteri which were resected for reasons other than endometrial abnormalities or endometria that were scraped during the process of laparoscopy operation or conization. The patients selected for obtaining endometria had regular cycles and were not on hormonal medications for 6 months. The diagnosis of EM was confirmed or excluded by either laparoscopy or laparotomy. Informed consent was obtained from all patients and the use of human specimens for these experiments was reviewed and approved by the committee of medical ethics, Peking Union Medical Collage Hospital, Beijing, China. The detailed information on case histories is listed on Table I , and stages of the cycles were confirmed by histological examination and last menstruation period prior to the operations.
For cell isolation, the endometrium was minced and incubated in 0.5% collagenase I at 378C for 20 -30 min, followed by filtration through a metal mesh (70 mM) screen for removal of the undigested tissue. The primary cultures were performed in endothelium culture medium (DMEM supplemented with 20 mM HEPES, 100 U/ml penicillin, 100 mg/ml streptomycin, 20% FBS, 100 mg/ml ECGS, 40 U/ml heparin and 40 mU/ml Insulin) at 378C in 5% CO2.
The primary heterogeneous cell populations were allowed to grow to near confluence before HEECs isolation. The cells were incubated in DMEM containing 0.1% bovine serum albumin (BSA) with mouse anti-human CD34 monoclonal antibody-coated beads (20 beads/target cell). A 15 -30-min end-over-end rotation was performed at 48C before the cells bound to beads were separated using a magnet (Dynal). The positively isolated cells were cultured in endothelium culture medium at a density of 500 -1000 cells per cm 2 . The homogenous endothelial cell clones were observed after several days. Occasionally, some scattered or clustered stroma-like cells around the endothelial clones appeared. According to different sensitivity to trypsin/EDTA, the stroma-like cells could be eliminated by transient treatment of trypsin/EDTA. The remaining cells were incubated and fed with fresh medium every 3 days until reaching confluence after 15 -20 days. For subcultures, confluent HEECs were split 1:3 and maintained for 6-15 passages.
Characterization of isolated HEECs
Cells were plated on coverslips for subsequent manipulation. For examining the expression of vWF, CD31 and CD34, the cells were blocked with PBS containing 0.1% BSA, incubated with rabbit antihuman vWF monoclonal antibody or mouse anti-human CD31 or CD34, respectively, at room temperature for 45 min. After completely washing with PBS, incubation with FITC-labeled rat anti-rabbit or anti-mouse monoclonal antibody was performed for 30 min. The purity of cultured HEECs was examined by flow cytometry. Parallel procedures, except for the primary antibodies being substituted with related antibody derived from the same source, were performed as negative controls.
The medium of cells grown on coverslips was changed to DMEM containing 1 mg/100 ml 1,1 0 dioctadecyl-3,3,3 0 ,3 0 -tetramethylindocarbocyanine perchlorate acetylated low density lipoprotein (DiI-Ac-LDL). After incubation at 378C for 4 h, the coverslips were fixed and observed.
After treatment with 30 ng/ml TNF-a for 6 h, HEECs were incubated with mouse anti-human ELAM-1 monoclonal antibody for 30 min at 48C. Rat anti-mouse monoclonal antibody was used as secondary antibody. The percentage of positive cells was examined by flow cytometry. For negative controls, HEECs were incubated in the absence of TNF-a or with a related antibody derived from mouse as a substitute for the primary antibody.
Isolation of total RNA and polyadenlyated RNA The HEECs used for total RNA isolation were passaged two times. The isolation of total RNA with TRIzol w was performed according to the manufacturer's instruction. The purity and yield of RNA were determined by the ratio of OD260/280 and OD 260. RNA integrity was examined by electrophoresis on a 1% formaldehyde denaturing gel. The samples with bright bands corresponding to ribosomal 28S and 18S RNA with a ratio of intensities of 1.5-2.5:1 were used in SSH, microarray assay and qRT -PCR. The polyadenlyated RNA was isolated from total RNA with the Qiagen Oligotex mRNA SpinColumn Kit.
SSH procedure SSH was performed with the PCR-SELECT cDNA subtraction kit. Starting material consisted of 2 mg of mRNA from HEECs derived from eutopic endometrium of patient 5 and 2 mg of mRNA from HEECs derived from eutopic endometrium of control 5. In the forward subtraction (FS), mRNA from EM was termed as 'tester', and that from non-EM as 'driver'; in the reverse subtraction (RS), mRNA from EM was termed as 'driver' and that from non-EM as 'tester'. The procedure was operated strictly according to manufacturer's direction, and 27 primary PCR cycles and 12 secondary PCR cycles were performed. The PCR products were purified with QIAquick PCR purification kit.
PCR products generated by SSH were subcloned into pDriver vector using a TA cloning kit. We electroporated ElectroMAX DH5a-E Cells with ligated vector DNA and applied the germ liquid to an agar plate containing X-gal, IPTG, ampicillin and kanamycin. The length of inserted fragments was examined by colony PCR amplification. Plasmid DNA was extracted and sequenced using an ABI 3730 sequencer. Base-calling was performed with phenol red and use of the Q20 standard to trim low-quality bases. Genes were identified by sequence similarity comparison against the COG (cluster of orthologous groups) (http://www.ncbi.nlm.nih.gov/COG/) by using BLASTX with E values ,1Â 210 and alignment percentage !20%.
Microarray analysis
We collected 10 HEEC samples, of which 5 were derived from EM pateients and 5 were derived from patients without EM, to screen the differentially expressed genes between the two group samples. A aliquot of 2 mg of total HEECs RNA was used to synthesize doublestranded cDNA, then produce biotin-tagged cRNA using the MessageAmp TM II aRNA Amplification Kit. The resulting bio-tagged cRNA were fragmented to strands of 35 -200 bases in length according to the protocols from Affymetrix. The fragmented cRNA was hybridized to Affymetrix human Genome U133 Plus 2.0 Array containing 47 000 transcripts. Hybridization was performed at 458C with rotation for 16 h (Affymetrix GeneChip Hybridization Oven 640). The GeneChip arrays were washed and then stained (streptavidinphycoerythrin) on an Affymetrix Fluidics Station 450 followed by scanning on a GeneChip Scanner 3000.
The hybridization data were analyzed using GeneChip Operating software (GCOS 1.4). The scanned images were first assessed by visual inspection then analyzed to generate raw data files saved as CEL files using the default setting of GCOS 1.4. A global scaling procedure was performed to normalize the different arrays using dChip software. In a comparison analysis, we applied a two class unpaired method in the Significant Analysis of Microarray software (SAM) to identify significantly differentially expressed genes between EM and non-EM groups.
Quantitative real-time PCR confirmation
We used the same RNAs from 10 HEEC samples to confirm the SSH and microarray data. Total RNAs from each of the 10 patients were subjected to genomic DNA digestion using DNase I (Taraka, Dalian, China). First-strand cDNAs were synthesized with Oligo-dT primer and gene-specific real-time PCR primers were added (Table II) . Parallel reactions using b-actin were performed to normalize the amount of template cDNA. The protocol of real-time PCR was as follows: initiation with a 10 min denaturation at 958C, followed by 40 cycles of amplification with 15 s of denaturation at 958C, 5 s of annealing at 558C, 15 s of extension at 728C and reading the plate for fluorescence data collection at 768C. A melting curve was performed from 75 to 958C to check the specificity of the amplified product. Each of the amplifications was duplicated, then the mean value was calculated. The student's t-test of independent data was used to examine the statistical significance of the differential expression level of each gene or transcript within the 10 samples, for each group of 5 samples. 
Results
Characterization of isolated HEECs
After magnetic selection and digestion using trypsin/EDTA, the remaining cells formed discrete clones which consisted of purified HEECs. HEEC cultures presented flattened monolayers, with typical cobblestone morphology and contactinhibition (Fig. 1A ). The yield of purified HEECs was always larger from secretory than proliferative endometrium. Purified F  GCCGAATGTAGGACAAGAAG  296  R  AGCACGAGTCATCCGTAGGT  AY232290  PIG2  F  TGGCAATGGCTACTTAGGAT  154  R  GGAGGCTGAGAAGATACAAGG  AF110137  GREM1  F  ATGACATTCAGAACCAGCAA  268  R  TAGGCACAGTAAGAAGAACAGATA  AC090877  F  CCACTATCCTGCTTGTCCTT  171  R  TCCTCACCATCCATCTCTTCT  AC098935  F  GGTAAGGTGCATCTGTTTGA  181  R  CAAGTGGAAGATTAGGGAAGA  AC111194  F  TGGGCTAAAGTAGAGTTCGT  268  R  CAGACATATCACATCAGGACAGA HEECs expressed vWF, CD31 and CD34 as shown by indirect immunofluorescence (Fig. 1B-D) examination. In addition, no signal was detected after treatment with antibodies against the epithelial cell marker cytokeratin or stromal cell marker vimentin (data not shown). After incubation with Ac-DiI-LDL, we found that 100% of the cells demonstrated uptake of Ac-DiI-LDL (Fig. 1E) . The up-regulation of ELAM-1 was also demonstrated, in response to 30 ng/ml TNF-a stimulus for 6 h, by flow cytometry (data not shown).
Differences in growth features between HEECs from EM and non-EM
An obviously vigorous viability could be observed in HEECs from EM. With the method described above, the HEECs from EM could be passaged at least 13 times and the growth status could be kept very well, whereas the HEECs from non-EM could be passaged no more than eight times. The passage numbers were compared for 24 separate isolation procedures and the difference was statistically significant when performing an unpaired student's t-test (P , 0.05). After 2 -3 passages, some specific cell populations with high density could always be found in the culture of HEECs from EM; these cells partially lose the characteristic of contact-inhibition and exhibit a larger ratio of nuclear to cytoplasm as well as a heterogeneous cellular size, although a few items of characterization confirmed their endothelial origin. Smaller cells were predominant in these populations (Fig. 2) . The changes in morphology of HEECs from EM were reversible through passage.
The differential expression profile of HEECs detected by SSH After plating the library, bacterial colonies were randomly picked and a total of 6480 ESTs were sequenced: 3629 ESTs were generated from a FS library and 2851 ESTs were from a RS library. The 6480 sequences were trimmed of vector and low-quality sequence and filtered for minimum length (100 bp), allowing the identification of 6165 high-quality ESTs with an average length of 430 bp. PHRAP assembly program was used to identify those that represent redundant transcripts. The 6165 high-quality ESTs were assembled into 889 contigs and 2991 singlets, giving 3880 assembled sequences. From the 3880 assembled sequences, 41 were assembled by ESTs expressed in two libraries, 2051 were only expressed in a FS library and 1788 were only expressed in a RS library. Table III lists several items of differentially expressed genes or transcripts. The transcript for an unknown protein that was cloned from uteri leiomyosarcoma was the most predominant among those that were up-regulated. Among the genes of known function, the genes for gremlin1 (GREM1), proliferation-inducing gene 2 (PIG2), fibronectin (FN) were noticeably up-regulated. Moreover, some regions within which no transcript had been reported were found to hide transcripts that were up-or down-regulated in HEECs from EM compared with that of non-EM counterparts. Detailed information on the differential expression profile can be seen in Supplementary data 1 and 2.
The differential expression profile of HEECs detected by microarray After SAM analysis of microarray data from the 10 subjects consisting of 5 with EM and 5 without EM, 288 genes were determined to be significantly differentially expressed with a selection threshold of false discovery rate, FDR ¼ 8.06% and fold change .2.0 in the SAM output result (see Supplementary data 3). The SAM result was visualized in Fig. 3 using SAM Endometriosis, HEECs and differentially expressed genes software and visualized with TreeView tools after unsupervised hierarchical clustering. The data discussed here have been deposited in NCBIs Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/info/linking.html) and are accessible through GEO Series accession number GSE7846. All 288 differentially expressed genes were analyzed using a free web-based Molecular Annotation System 2.0 (MAS 2.0, www.capitalbio.com) which integrates three different open source pathway resources-KEGG, BioCarta and GenMAPP.
In the MAS 2.0 tool, the pathways are ranked with statistical significance by calculating their P-values based on hypergeometric distribution (Mao et al., 2005) . Here, we list the significant pathways associated with cell survival, after interrogating the 288 differentially expressed genes (Table IV) . Among these, the pathways of extracellular matrix (ECM)-receptor interaction and focal adhesion were the most predominant.
Confirmation with qRT -PCR
We selected six differential genes or transcripts to confirm their expression differences with qRT -PCR. The results are illustrated in Fig. 4 . The qRT -PCR data confirmed the up-regulation of GREM1, PIG2 and FN in HEECs from EM compared with that from non-EM.
In addition, SSH detected two up-regulated sequences AC090877 and AC098935, which represent large fragments on chromosome 15 and 1, respectively, and one downregulated sequence AC111194, which represents a large fragment on BAC clone RP11-463H12 from chromosome 4. There has not been transcripts reported within these three fragments on genomic DNA until now. With their specific primers designed for the sequences within these three large fragments on genomic DNA, we amplified the target sequences and confirmed their expression changes in HEECs from EM (Fig. 4) .
Discussion
Analysis of pathways involving genes with known function: characteristics of HEEC from EM compared with those from non-EM ECM -receptor interaction and focal adhesion ECM -cellular interaction and focal adhesion were the most predominantly changed pathways in HEECs from EM compared with controls, with the P-values of nearly zero. The binding of ECM including FN, collagen, laminin and thrombospondin (THBS or TSP) to their transmembrane receptor integrin family, plays an essential role in endothelial functional modulation, such as adhesion, migration and angiogenesis. Compared with HEECs from controls, the remarkable up-regulation of FN, COL6A1, COL6A2 and laminin a 4 chain (LAMA4) may be used to explain in part the increased viability of HEECs from EM (Fig. 5) .
Adhesion to FN through the integrin a5b1 enables human umbilical vein endothelial cells (HUVECs) to proliferate due to the activation of ERK one-half (Kim et al., 2000) and Rac in response to growth factors (Mettouchi et al., 2001) as well as NF-kappa B through a signaling pathway requiring Ras, PI3-kinase and Rho family protein (Klein et al., 2002) . The myofiber of Col6a1 2/2 mice exhibit increased apoptosis due to mitochondrial dysfunction, whereas this was reversed by plating Col6a1 2/2 myofibers on collagen VI (Irwin et al., 2003) . The LAMA4, a component of laminin-8 and -9, is expressed in endothelial cell basement membranes. The a 3 b 1 and a V b 1 can bind the G domain of laminin a 4 subunit with high affinity (Gonzalez et al., 2002 ). An anti-laminin a 4 antibody, directed against the G domain of the a 4 laminin subunit, inhibits proliferation and enhances apoptosis of endothelial cells when cells are maintained in vitro (DeHahn et al., 2004) . Clustering display of microarray data after SAM analysis of five EM and five non-EM patients The differentially expressed genes between EM and non-EM patients were determined using SAM software and visualized with TreeView tools after hierarchical clustering Syndecan-2 (SDC2) is a member of cell surface heparan sulfate proteoglycan (HSPG), and has been shown to be expressed in a diversity of cell types, including human endothelial cells. The mRNA for SDC2 was up-regulated significantly in HEECs from EM compared with that from non-EM.
Via HS-GAG chains, HSPGs may interact with a wide variety of extracellular ligands such as chemokines, adhesion molecules and growth factors, and acts as transmembrane co-factors with their cognate receptors. Studies with human endothelium from diverse sources have indicated that SDC2 FC, fold change; NC, not calculated, with the use of the name GREM1, no pathway were found. The q-value of a gene in SAM results is false discovery rate for the gene list that includes the gene and all genes that are more significant. has a modulatory role in transendothelial migration of monocytes (Floris et al., 2003) and IL-8 binds to SDC2 on HUVEC which are up-regulated concomitantly in response to TNF-a (Halden et al., 2004) . THBS or TSP2 is a secreted matricellular glycoprotein. Compared with its counterparts from non-EM, the HEECs from EM expressed a high level of mRNA for TSP2 with a fold change of 2.59. TSP2 is up-regulated in the chronic inflammatory lesions of rheumatoid arthritis (Park et al., 2004) as well as in some carcinomas. Overexpression of TSP2 leads to not only prompt inhibition of lesional vascularizaiton but also to suppression of the production of a proinflammatroy mediator (Park et al., 2004) and its down-regulation elicits increased and prolonged inflammation and angiogenesis in delayed-type hypersensitivity reactions in the skin of TSP2-deficient mice (LangeAsschenfeldt et al., 2002) . Focal adhesion is a molecular bridge between the intracellular and extracellular spaces that integrate a variety of environmental stimuli and mediate two-way crosstalk between the ECM and the cytoskeleton (Romer et al., 2006) . Src and FAK, with which focal adhesion is closely associated, exert their wide-ranging impact on vascular biology, for instance apoptosis and vasculogenesis. The downstream signaling is dependent upon the sequential phosphorylation of related proteins.
GREM1 and TGF-b signaling pathway
The mRNA for GREM1, a member of the DAN family proteins, was significantly up-regulated in HEECs from EM compared with those from non-EM with a fold change of 3.06. GREM1 is a highly conserved, secreted protein that fulfils a pivotal function in diverse processes of growth, differentiation and development, by antagonizing the activity of bone morphogenetic proteins (BMPs) through being heterodimerized with specific BMPs and preventing their interactions with TGF-b receptors (Merino et al., 1999; Khokha et al., 2003; Michos et al., 2004) . In non-tumor cells, TGF-b inhibits cell cycle progression and maintains G1 arrest, through up-regulation of gene expression of the P21 Waf1/Cip1 (Pardali et al., 2000) and P15
Ink4B (Feng et al., 2000) . GREM1 is expressed by stromal cells in many carcinomas but not in normal tissue, and could provide a favorable microenvironment for cancer cell survival (Sneddon et al., 2006) . GREM1 and FGF2 are major components secreted by human fetal skin feeder that has the ability of supporting human embryonic stem cells (Kueh et al., 2006) . GREM1 exhibits endothelium mitogenic activity in mouse and bovine aortic endothelial cells. The potent angiogenic response was observed in chick embryo CAMs implanted with transfectants with GREM1 cDNA (Stabile et al., 2007) .
In addition, GREM1 is up-regulated in diabetic nephropathy (Murphy et al., 1999) and diabetic retinopathy (Kane et al., 2005) . It is known that diabetic nephropathy and diabetic retinopathy are characterized by microangiopathies, including proliferative capillary, microaneurysm, basement membrane thickening and neovascularisation. Notably, PIG2 (the second most abundant gene in FS cDNA library) exhibits a close similarity to the cDNA of GREM1.
TGF-b is the major secretory product of macrophage, both of which were increased in quantity, while the capacity of phagocytosis is reduced in peritoneal fluid of EM patients. Macrophages in endometriotic tissue are a major source of TGF-b (Tamura et al., 1999) . Inhibition of TGF-b1 alters the growth, anchor-dependent cell aggregation and integrin mRNA expression in U937 cells (a promonocytic human cell line) (Dou et al., 1997) . Moreover, TGF-b is involved in progesterone-induced inhibition of matrix metalloproteinase (MMP) production in normal secretory endometrium (Bruner-Tran et al., 2002) . Thus, further studies need to explore if the inhibition of the TGF-b pathway as a result of up-regulation of GREM1 from HEEC in EM patients involves in the altered function of macrophage and stromal cells with paracrine action.
Consistency with previously published studies When comparing our results with other author's, the up-regulated expression of u-PA (Koolwijk et al., 2001) , IL-8 (Luk et al., 2005) , VEGF (Schatz et al., 2000) and fibronectin in HEEC (Schatz et al., 2000) have been reported previously. However, it has been reported that the expression of MMP-3 in endometrial glandular or luminal epithelial cell from EM is higher than that from non-EM (Ramon et al., 2005) .
The interaction of HEEC with other cell types Although cyclical endometrial regeneration is under the strict control of ovarian sex steroid hormones and HEECs express estrogen receptor-b and a low level of progesterone receptor, no change has been observed in classic angiogenic genes under the influence of the steroids (Krikun et al., 2005) . Krikun et al. postulated that steroids may act synergistically with paracrine mediators to mediate downstream angiogenic pathways, which is similar to the way in which estradiol plays a role in epithelial stimulation (Cooke et al., 1997) . Thus, the stromal cell or the HEEC-stroma interaction may play an important role in the changed angiogenesis within the endometrium from EM. Endometrial stromal cell exhibits a dose-dependent increase of adhesion to FN with IL-8 treatment. IL-8 production is elevated when endometrial stromal cells are plated on ECM components (Garcia-Velasco et al., 1999) . IL-8, which was also up-regulated in our data, is a chemoattractor and activator of neutrophils and is a potent angiogenic agent (Oral et al., 1996) . In addition, the changes in production of a broad array of ECM could influence the adhesion, activation and transendothelial migration of macrophages, NK cells, neutrophils, T cells, etc. The interaction of HEECs with these cells deserves further investigation and the result will help to elucidate the pathogenesis of EM.
Angiogenesis is crucial for the establishment and survival of endometriotic lesions. A large number of descriptive studies indicate that there is increased angiogenic capacity in ectopic endometria or peritoneal fluid of patients with EM due to elevated levels of influencing factors such as adhesion molecules, ECM degradation proteolytic enzyme as well as angiogenic factors. Moreover, the local estrogen production within ectopic endometrium is increased due to the high level of aromatase (Zeitoun et al., 1999) and suppressed level of 17b-hydroxysteroid dehydrogenase type 2 (Attia et al., 2000) . The role of estrogen in the pathogenesis of EM is generally accepted.
However, endothelial cell play a central role in procedure of angiogenesis. Groothuis et al. (2005) believes that it is the endothelium from peritonium of human or murine host that form new vasculature to provide oxygen and nutrients to explanted endometriotic grafts. Grümmer et al. (2001) and Hull et al. (2003) demonstrated in a nude mouse model that human endometrial tissue attract murine vessels from the immediate environment. Other observations noted that extrapelvic EM was found in well-vascularized sites, e.g. lung, skin and muscle (Mclaren, 2000) . It would be important for us to note that these mouse models may not accurately reflect the human disease process. The increased ability of adhesion could make the attachment of endometriotic endometrial fragments to peritoneum more easy than that for normal endometrium. It may be postulated that the abnormal survival of HEECs produce a changed ECM pattern of which endothelium from peritoneum take advantage to make up its own vasculature and induce a inflammatory reaction through chemotaxis and activation of leukocytes.
Some novel transcripts
In addition to the genes of known function mentioned above, we also obtained some changed genes which have been found to be transcribed in placenta or other organs previously, or their existences however have not been predicted by bioinformatics algorithms, although their functions are still unknown. Our study may provide some hints to their roles in the pathogenesis of EM.
Using one sample and one control (rather than pooled) for the SSH is a weakness, but the use of 5 paired samples in the microarray and qRT -PCR strengthened reliability of the data. Further, the first step of our next works is to examine the exact differences of selected transcripts, for instance GREM1 and BC073984 with enlarged sample sizes of eutopic endometria from patients and normal controls by in situ hybridization and/or RT -PCR.
Conclusions
In vitro, HEECs from patients with EM display a more vigorous viability than those from normal controls. The altered ECM-secreting pattern and up-regulation of GREM1 may be used to interpret the remarkable change of phenotype in HEECs from EM. The increment of secretion of ECM components and increased production of GREM1, which have assured proangiogenic activity, may contribute synergistically to the promotion of proliferation and the inhibition of apopotosis. Among the up-regulated ECMs, TSP2 is the only one which exhibits the capacity to suppress angiogenesis; it maybe functions as the antagonist for the aberrant angiogenesis and confines its extent and severity. Additionally, GREM1 may exert its effect on HEECs through inhibition of TGF-b pathway, by which proliferation may also be promoted. Taken together, it may be postulated that eutopic HEECs play a facilitating role during the peritoneal vascularization of ectopic endometrial lesions by enhancing angiogenic activity via a paracrine effect. In addition, with SSH, we found some novel sequences of unknown function. Further investigation is required to determine how all of these differentially expressed genes play their roles in the formation and maintenance of an ectopic lesion.
